The ornithine decarboxylase antizyme inhibitor (AZI) was discovered as a protein that binds to the regulatory protein antizyme and inhibits the ability of antizyme to interact with the enzyme ornithine decarboxylase (ODC). Several studies showed that the AZI protein is important for cell growth in vitro. However, the function of this gene in vivo remained unclear. In our study, we analyzed the transcriptional profi les of livers on the 19th day of pregnancy of Azin1 knock-out mice and wild-type mice using the Agilent oligonucleotide array. Compared to the wild-type mice, in the liver of Azin1 knock-out mice 1812 upregulated genes (fold change ≥ 2) and 1466 downregulated genes (fold change ≤ 0.5) were showed in the microarray data. Altered genes were then assigned to functional categories and mapped to signaling pathways. These genes have functions such as regulation of the metabolism, transcription and translation, polyamine biosynthesis, embryonic morphogenesis, regulation of cell cycle and proliferation signal transduction cascades, immune response and apoptosis. Real-time PCR was used to confi rm the differential expression of some selected genes. Overall, our study provides novel understanding of the biological functions of AZI in vivo.
Introduction
The polyamines spermine, spermidine, and their precursor putrescine are natural organic compounds that play a crucial role in regulating fundamental cellular processes such as proliferation, differentiation, transformation, and apoptosis (Janne et al., 1991; Pegg et al., 1995; Bercovich and Kahana, 2004) . Ornithine decarboxylase (ODC) is the key enzyme in the biosynthesis of polyamines, and its degradation constitutes an important regulatory mechanism that controls cellular polyamines (Bercovich and Kahana, 2004) . Many researches have shown that increased ODC and polyamine levels are associated with increased cell proliferation, decreased apoptosis and expression of genes affecting tumour invasion and metastasis (Gilmour et al., 1987; Holtta et al., 1988; Childs et al., 2003) . High levels of polyamine can induce the production of a protein termed antizyme (AZ) which binds and inactivates ODC, and subsequently targets it for rapid degradation by the 26S proteosome (Bercovich et al., 1989; Murakami et al., 1992) . In addition to its role in regulating the ODC activity and degradation, AZ was also demonstrated to regulate the polyamine transport across the plasma membrane via a yet unknown mechanism Sakata et al., 2000) .
The endogenous antizyme inhibitor (AZI) was fi rst discovered as a protein that binds to antizyme and inhibits several of its functions. AZI blocks the ability of AZ to promote ODC degradation and to inhibit the ODC enzymatic activity (Fujita et al., 1982) . AZI shares 65% homology with ODC and conserves the majority of residues that are required for ODC activity, but AZI itself does not exhibit any known enzymatic activity. AZI binds AZ with high affi nity preventing the formation of the AZ-ODC complex and consequently suppressing ODC degradation (Kim et al., 2006) . The human AZI gene is located on chromosome 8q22.3, and amplifi cation of this region is found in several tumours (Schaner et al., 2005) . AZI is overexpressed in gastric tumours (Jung et al., (Kim et al., 2006; Mangold, 2006) . Increased expression of AZI can elevate the polyamine levels, increase the cell growth, and provoke cellular transformation (Keren-Paz et al., 2006) . Gene knock-out mice are a useful model to study the biological functions of the corresponding genes. In a mouse line named Ayu17 -689 which was obtained using the gene trap technology, the trap vector pU-17 was inserted into the Azin1 gene (Tang et al., 2009) . The homozygous mutant mice died on P0 (the day of birth) with abnormal liver morphology which resulted in degradation of ODC and reduced the biosynthesis of putrescine and spermidine. These results showed that AZI plays an important role in regulating the levels of ODC, putrescine, and spermidine, and is essential for the survival of mice (Tang et al., 2009) . To identify the importance and biological functions of AZI in vivo, we analyzed the differences of gene expression profi les in the liver of Azin1 +/+ and Azin1 -/-mice using cDNA microarrays in the present study.
Changes in Liver Gene

Material and Methods
Animals
Heterozygous Ayu17 -689 mice (Azin1 +/-) were produced in the Center for Animal Resources and Development, Kumamoto University, Japan, and fed in the Center of Experimental Animals, Chongqing Medical University, China. The mice were housed in polyethylene cages containing wood shavings and were given rodent chow and water ad libitum. Mice were housed in rooms at 24 °C, a humidity of 55%, and a 12-h light/dark cycle. Five heterozygous males were mated with ten heterozygous females to produce wild-type mice, heterozygous mice, and homozygous mice. Because the homozygous mutant mice died on P0, heterozygous female mice were performed by abdominal delivery on the 19th day of pregnancy. The liver tissues of offspring mice were taken out and preserved in liquid nitrogen, then kept at -80 °C until further analysis. At that time, tail biopsies were taken for genotyping.
Extraction of total RNA
Liver samples from 3 wild-type, 3 heterozygous, and 3 homozygous mice were pooled for each genotype. Each pool was placed into 3 mL of Trizol solution (Invitrogen, Carlsbad, USA) and homogenized with a polytron homogenizer. Total RNA was separated with Qiagen Rneasy mini kit (Qiagen, Hilden, Germany), according to the protocol described by the manufacturer, including a DNase digestion step. RNA quantifi cation and quality assurance were assessed by analyzing the A260/A280 ratio (between 1.8 and 2.1) using a spectrophotometer, and RNA integrity and genome DNA contamination were tested by denaturing agarose gel electrophoresis.
DNA microarray
The RNA samples were amplifi ed and labeled using the Agilent Quick Amp labeling kit (Agilent Technologies, Santa Clara, CA, USA) according to the manufacturer's instructions and hybridized with the Agilent whole genome oligonucleotide microarray in Agilent's SureHyb hybridization chambers. After hybridization and washing, the processed slides were scanned with the Agilent DNA microarray scanner (part number G2505B) using settings recommended by Agilent Technologies. The procedure above was completed by KangChen Bio-tech (Shanghai, China).
Microarray data processing
The resulting text fi les extracted from Agilent Feature Extraction Software (version 9.5.3) were imported into the Agilent GeneSpring GX software (version 7.3 or later) for further analysis. The microarray data sets were normalized in GeneSpring GX using the Agilent FE one-colour scenario (mainly median normalization), and genes marked present were chosen for data analysis. Differentially expressed genes were identifi ed through fold-change screening. The profi ling identifi ed a subset of the total number of probes analyzed by the Agilent whole genome oligo microarray that are differentially expressed. GO (gene ontology) analysis and pathway analysis were performed on this subset of genes.
Real-time PCR
Differentially expressed genes of interest were selected for validation of the microarray results by real-time PCR. Total RNA from liver tissues, Azin1 +/+ or Azin1 -/-mice, were prepared as described above. 2 μg of total RNA (the same RNA used for the arrays) were reverse transcribed using M-MLV Reverse Transcriptase (Promega, Madison, USA) with an oligo (dT) primer. Genespecifi c primers (Table I) were used to amplify message RNA by real-time PCR on the IQ5 multicolour real-time PCR detection system (BioRad, Hercules, CA, USA) using Power SYBR ® Green PCR Master Mix (Applied Biosystems, Foster, CA, USA). Primer sets were designed using ABI Primer Express software, and the primer set of mouse GAPDH gene was designed as control. The optimal annealing temperature for each primer set was determined prior to the analysis of experimental samples. The effi ciency of the PCR reaction for each primer set was determined using serial dilution of cDNA from mouse liver as described above. Triplicate 25 μL real-time PCR reactions were run, containing 12.5 μL SYBR Green PCR master mix, 1 μL of a primer stock solution containing 10 μM of both forward and reverse primers, 1 μL of cDNA template, and 10.5 μL nuclease-free water. The following standard PCR conditions were used: one cycle at 90 °C for 10 min and 40 cycles of 94 °C for 15 s, the primerspecifi c annealing temperature for 40 s (because different primers were used, every primer had its suitable annealing temperature, e.g., 58 °C, 59 °C, 60 °C; here we described this process as primerspecifi c annealing temperature), and 72 °C for 60 s. A cycle threshold (CT) was assigned at the beginning of the logarithmic phase of PCR amplifi cation, and duplicate CT values were analyzed by Microsoft Excel. The 2 -ΔΔCt method (Livak and Schmittgen, 2001 ) was used to determine the relative expression of the gene in each sample.
Results
Microarray analysis
Microarray analysis was done to determine the hepatic gene expression between Azin1 +/+ and Azin1 -/-mice. As compared with Azin1 +/+ mice, the expression of 3278 genes (fold change ≥ 2) was changed in Azin1 -/-mice; 1812 genes were upregulated, while 1466 genes were downregulated. The scatter plot analysis of all genes identifi ed during microarray expression profi ling is showed in Fig. 1 . The genes strongly increased (fold change ≥ 10) in Azin1 -/-knock-out mice compared with Azin1 +/+ mice are Itgb3, Wdr40c, Fgl1, Bcorl1, Stag2, Ifi t1, Olfr1495, Amd1, Tcfcp2 l1, Vcpip1, Nfi a, Map2k3, Hmgb1, and Chek1 (Table II) . Meanwhile, the genes greatly decreased (fold change < 0.05) in Azin1 -/-knock-out mice compared with Azin1 +/+ mice are Pga5, Stmn2, Ncan, Nsg2, Trim67, Stmn3, Zcchc12, Dner, B3gat1, Agr2, Sst, Gng3, Mapt, U46068, Fez1, and Elav13 (Table III) .
Gene ontology analysis
All different expression genes were mapped to specifi c biological processes by GO analysis. For the sake of clarity, related GO terms were combined to twelve superordinate categories (Fig. 2) . Most signifi cant genes were mapped to the biological process of cellular morphogenesis (cellular morphogenesis during differentiation, regulation of cell growth, cell development, and system development), metabolism (polyamine biosynthesis, 
polyamine metabolism, spermine biosynthesis/ metabolism, spermidine biosynthesis/metabolism, and other cellular molecule biosyntheses/metabolisms), and cellular physiological process (protein transport, cell cycle, cell proliferation, cell organization and biogenesis, regulation of growth).
Pathway analysis
In order to elucidate whole chains of events observed in our microarray experiment, pathway analysis was performed to map the list of signifi cantly regulated genes in Azin1 -/-mice liver compared with Azin1 +/+ mice liver. As expected, different expression genes were signed to several classes such as mRNA processing [mouse (Mus musculus)] (p = 4.97E-16), oxidative phosphorylation (Mus musculus) (p = 1.1E-06), MAPK signaling pathway (Mus musculus) (p = 0.00935), ubiquitin-mediated proteolysis (Mus musculus) (p = 0.00019), Wnt signaling pathway (p = 3.97E-05), ribosome (Mus musculus) (p = 4E-21), cytoplasmic ribosomal proteins (p = 8.99E-20), translation factors (p = 1.56E-08), electron transport chain (p = 2.54E-06), cell cycle (Mus musculus) (p = 0.000367), amino-acid metabolism (p = 0.00875), PPAR signaling pathway (p = 0.000878), DNA replication (p = 0.00278), G1 to S cell cycle control (p = 0.0108), purine metabolism (Mus musculus) (p = 0.00612) and so on.
Real-time PCR
Genes signifi cantly changed in the arrays between Azin1 +/+ and Azin1 -/-mice liver were selected for verifi cation by real-time PCR, including 8 Fig. 1 . Scatter plot analysis of all genes identifi ed during microarray expression profi ling. Cy3-labeled cDNA was amplifi ed from the total RNA extracted from liver tissue of Azin1 +/+ and Azin1 -/-mice. Data was analyzed using Agilent GeneSpring GX software. Individual genes (41,000+ present with good quality fl ags) were normalized to the median intensity of the array. Each spot is the mean value of an individual gene from two arrays. The outer green lines indicate the two-fold differential expression levels. There were 3278 genes with more than two-fold expression difference. Red, high expression; yellow, medium expression; blue, low expression. upregulated genes and 7 downregulated genes in Azin1 -/-mice liver. The results are shown in Fig. 3 . The majority of microarray data could be confi rmed by real-time PCR. However, in 3 of the 15 genes, the real-time PCR data did not correlate with microarray data. Two genes, Nup98 and Atp8a1, which increased in Azin1 -/-mice liver over 10-fold compared with Azin1 +/+ mice liver in the microarray showed no evident changes between these two types mice (Fig. 3a) . The Pga5 gene which was downregulated in Azin1 -/-mice liver in the microarray showed an opposite result in realtime PCR, Pga5 was a little higher expressed in Azin1 -/-mice liver compared with Azin1 +/+ mice liver (Fig. 3b) .
Discussion
The gene knock-out mice are important for us to study the biological functions of the corresponding genes. Using gene trap technology, we have generated the AZI knock-out mice. Because the homozygous mutant mice (Azin1 -/-) died on P0, we choose Azin1 -/-mice and Azin1 +/+ mice from E19 (embryonic day) whose development has elementary matured. By microarrays, we compared the differences of liver gene expression between Azin1
+/+ and Azin1 -/-mice. 1812 genes (fold change ≥ 2) were upregulated and 1466 genes (fold change ≤ 0.5) were downregulated in Azin1 -/-mice liver. The results reported here suggest that the changes in the expression of many genes in Azin1 -/-mice liver refl ect both direct and indirect effects of Azin1. AZ binds directly to ODC, and the AZ-ODC complex is degraded by the 26S proteasome. AZI has a higher affi nity for AZ than for ODC, and as such can displace ODC from the ODC-AZ complex and prevent ODC from being degraded by the 26S proteasome (Kitani and Fujisawa, 1989) . Therefore, AZI plays an important role in regulating the cellular polyamine metabolism. In our study, GO analysis of all different expression genes between Azin1 +/+ and Azin1 -/-mice liver showed that 5 of 11 genes associated with polyamine biosynthesis (GO: 6596, p = 0.00268) were changed, and genes having functions of spermine biosynthesis (GO: 6597) and spermidine metabolism (GO: 8216) also changed in Azin1 -/-mice compared with Azin1 +/+ mice. The Amd1 gene encoding S-adenosylmethionine decarboxylase (AdoMetDC) was up-regulated over 10-fold in Azin1 -/-mice liver. AdoMetDC is one of the key enzymes involved in the biosynthesis of spermidine and spermine and plays an essential role in embryonic development and cell proliferation (Nishimura et al., 2002) . The increased expression of Amd1 induced by knock-out of Azin1 indicated that Azin1 is important in the metabolism of polyamine and mouse embryonic development.
AZI has AZ-independent effects and binds directly to cyclin D1 to regulate the cell cycle. AZI overexpression results in increased cell growth as well as the induction of the transformed phenotype (Kim et al., 2006) . Compared with normal tissue, AZI is upregulated in gastric cancer as well as several other cancers (Jung et al., 2000; Rhodes et al., 2004 ). These results demonstrate that AZI is an important means of modulating cell proliferation and oncogenesis. Our study showed that two genes, Stag2 (Prieto et al., 2002) and Chek1 which have cell cycle functions, were upregulated over 10-fold in Azin1 -/-mice liver. Chek1 is a conserved kinase that imposes cell cycle delays in response to impediments of DNA replication. Moreover, Chek1 appears to help defend genomic integrity through effects on several pathways, including Fanconi anemia proteins, the mitotic spindle, and transcription of cell cycle-related genes (Enders, 2008) . This upregulation of Chek1 induced by Azin1 knock-out in mice liver may be t-test.) associated with the development and embryonic lethality. Besides, two genes associated with cell proliferation and differentiation, Dner ( Tohgo et al., 2006) and Elav13, were downregulated over 10-fold in Azin1 -/-mice, and the Agr2 gene which was reported to promote tumour growth, cell migration, and cellular transformation (Wang et al., 2008 ) also decreased the expression over 100-fold in Azin1 -/-mice. AZ has many important functions such as inducing apoptosis, regulating transcription, and promoting DNA repair (Tsuji et al., 2007; Liu et al., 2006) . AZI can bind to AZ and may contribute to regulate these functions. Our microarray results showed that seven genes involved in regulation of transcription changed intensively in Azin1 -/-mice compared with Azin1 +/+ mice. Four genes, Bcorl1, Tcfcp2 l1, Nfi a (Shu et al., 2003) , Hmgb1 were upregulated in Azin1 -/-mice, and three genes, Dner, Sst, Fezl, were downregulated in Azin1 -/-mice. Meanwhile, the Mapt gene which is involved in apoptosis was downregulated over 100-fold in Azin1 -/-mice. Besides, some other genes changed in Azin1 -/-mice indicated that AZI may has effect on the intracellular signaling cascade and immune response; more studies would be required to conclusively understand these.
Overall, the results of our study imply that the Azin1 gene is critical for the survival of mice. In addition, Azin1 plays an important role in the development of mice, the metabolism of polyamine, cell proliferation and differentiation, apoptosis and regulation of transcription.
